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Results
Of the 27 patients enrolled, 10 patients with proximal arterial occlusion were analyzed. Flowchart is given in Figure I in the online-only Data Supplement. The Table shows the patients' characteristics. Baseline MRI revealed fluid-attenuation inversion recovery vascular hyperintensities in the distal portion of the occluded arteries and ASL hypoperfusion in the corresponding territory in all patients. Two patients showed a reperfusion during the 60-minute infusion (cases 1 and 2). Figures 1A, 1B, 2A, and 2B demonstrate cerebral perfusion changes during thrombolysis. At the beginning of thrombolysis, a marked tissue hypoperfusion was observed in the territory of occluded arteries. After ≈30 minutes, arterial transit artifacts (ATA) emerged in the hypoperfused area. ATA corresponded well with baseline fluid-attenuation inversion recovery vascular hyperintensities ( Figures 1C and 2C ) and extended gradually from the proximal to the distal portions of the corresponding fluid-attenuation inversion recovery vascular hyperintensities and then disappeared before reperfusion. Normalization of tissue perfusion was observed after the disappearance of ATA ( Figures 1A and  2A) . The follow-up MR angiography just after thrombolysis showed complete recanalization ( Figures 1D and 2D ). These 2 patients had neurological recovery early after thrombolysis, 
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and there was no expansion of the infarct into the hypoperfused area. Other 3 patients (cases 3-5) showed regional tissue hypoperfusion with extensive ATA throughout the period of infusion ( Figure II in the online-only Data Supplement). They exhibited no reperfusion during thrombolysis; however, complete reperfusion and recanalization was observed at 24 to 72 hours after thrombolysis. Further 5 patients (cases 6-10) showed regional tissue hypoperfusion with no or only partial ATA during thrombolysis. They showed no or only partial reperfusion in the follow-up MRI examinations. Taken together, 5 patients with extensive ATA had complete reperfusion after thrombolysis, whereas the other 5 with no or partial ATA had no or only partial reperfusion (P<0.01).
Discussion
Our study demonstrates for the first time the dynamic process of reperfusion during thrombolysis. The presence of ATA seems to be a useful marker of the onset of the reperfusion process.
The presence of ATA suggests delayed arrival of tagged blood to the affected vascular tissue. 5 It has been reported that ATA was observed proximal or distal to the occluded artery in patients with acute stroke 6, 7 and moyamoya disease 8 and may represent the presence of leptomeningeal collateral flow or anterograde residual flow that could augment recanalization by delivering a thrombolytic agent to the distal end of the clot. In this study, 2 patients showed a transient ATA development before reperfusion. This phenomenon indicates incomplete microcirculatory reperfusion before complete tissue reperfusion. After opening of the occluded artery with thrombolysis, clots could move downstream to obstruct distal arterial branches and capillaries. 9 This microvascular obstruction model can explain the slow extension of ATA and subsequent tissue reperfusion. Our study has limitations. First, we could not analyze the associations between ASL perfusion patterns and clinical outcome because of the small sample size. Second, because we used the same inversion time in the pulsed ASL sequence for all patients, perfusion measurements might be biased toward arteries and arterioles in patients with reduced cardiac output. 10 In addition, ATA also affected the perfusion measurements. Therefore, we did not perform a quantitative cerebral blood flow analysis and focused on the individual cerebral perfusion changes during and after thrombolysis.
In conclusion, our data suggest that ASL imaging is a promising strategy for early prediction of response to systemic thrombolysis. ATA could be a good marker of early recanalization by intravenous thrombolysis. ASL imaging during intravenous thrombolysis might be useful for the selection of patients for additional mechanical thrombectomy. 
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Subjects
Between February 2011 and January 2013, 27 patients with acute neurological symptoms suggestive of hemispheric stroke within 4.5 hours after symptom onset, eligible for systemic thrombolytic therapy and without contraindication to perform an MRI were enrolled. Supplemental Figure I shows the flow diagram of the patient recruitment and selection.
Supplemental Figure I.
Inclusion and exclusion criteria for this study.
MRI protocol
All MRI investigations were pjerformed on a 3.0-Tesla MRI scanner (MAGNETOM Trio, Siemens, Erlangen, Germany) using a 16-channel head coil. Baseline MRI included T2-weighted sequence (TR/TE, 6000/93 ms), diffusion-weighted sequence (TR/TE, 5700/134 ms; b = 0, 500, 1000 s/mm 2 ), fluidattenuated inversion recovery (FLAIR) sequence (TR/TE/TI, 9000/93/2500 ms), T2*-weighted sequence (TR/TE, 620/20 ms), and time-of-flight MR angiography (2 slabs; TR/TE, 20/3.59 ms; flip-angle, 18°; FOV, 200 mm; matrix, 331 × 384; 0.75 mm slice thickness) in this order. All axial MRI examinations were performed with a 5-mm slice thickness and a 10% distance factor. The total acquisition time approximated 15 minutes. During the 60-minute rt-PA infusion, repeated pulsed ASL perfusion weighted images were acquired at 5 minute intervals. These ASL measurements were obtained using saturation pulses (second version of a system for the quantitative imaging of perfusion with thin-slice TI1 periodic saturation, Q2TIPS) 1 , flow-sensitive alternating inversion recovery (FAIR) labeling scheme 2 , background tissue signal suppression based on water suppression enhanced through T1 effects (WET) 3 , and singleshot three-dimensional gradient and spin echo (3D-GRASE)
Post processing and data analysis
All images were brain extracted prior to registration using FSL's Brain Extraction Tool (BET) 5 . The non-labelled (control) ASL images before subtraction were registered to the baseline FLAIR images of each patient using a robust affine registration with 12 degrees of freedom on NiftyReg software 6 (University College London, UK). The calculated transformation matrix was then applied to the corresponding ASL subtraction perfusion images. As a result of this processing, repeated ASL perfusion images were corrected for head movements, and shared an identical reference space with the baseline FLAIR images. For relative cerebral blood flow (CBF) analysis, these ASL images were further normalized into the Montreal Neurological Institute (MNI) space via registration of the FLAIR images to the MNI template, and analysed using fully automated 3-dimensional stereotactic region-of-interest (ROI) template software (3DSRT; Fujifilm RI Pharma, Tokyo, Japan) 7 , based on the previously described method 8 . The ROIs of 3DSRT were categorized into 12 segments in each hemisphere according to the vascular territories: callosomarginal, pericallosal, precentral, central, parietal, angular, temporal, basal ganglia, posterior cerebral, thalamus, hippocampus, and cerebellar 9 . We compared the relative CBF of the affected segments to the contralateral The site of artery occlusion was determined using the baseline MR angiography. FLAIR vascular hyperintensity was identified as tubular hyperintense signal in FLAIR relative to gray matter corresponding to an arterial course. Arterial transit artifact was identified as tubular hyperintense signal on ASL perfusion images. Recanalization was assessed on the follow-up MR angiography according to the primary arterial occlusive lesion (AOL) recanalization criteria 10 . Reperfusion was visually assessed on the follow-up MR angiography and follow-up ASL images according to the Thrombolysis in Myocardial Infarction (TIMI) reperfusion criteria 10 by reference to the ipsilateral-to-contralateral CBF ratio. TIMI 3 was defined as complete reperfusion (IC ratio 0.90). TIMI 1 and 2 were defined as partial reperfusion (IC ratio <0.90). Two stroke-neurologist (S.O. and M.G.) separately evaluated MRI images of each patient blinded to the clinical data. If arterial transit artifacts covered more than 50% of the region of FLAIR vascular hyperintensities, they were classified as extensive arterial transit artifacts. If they covered 50%, they were classified as partial arterial transit artifacts. There was excellent agreement between the two observers. Discrepancies were resolved by consensus.
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